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OF REITS IN SELECTED.

ABSTRACT: 

PURPOSE: One of the important performance indicators that investors consider in international investment 
decision making is inflation hedging performance of prospective investments. Africa has been largely left out of 
international investment due to data opacity. The study assessed the actual, expected and unexpected inflation 
hedging performance of REITs from two developing countries which included an African country (Nigeria), and two 
developed countries (USA and UK). The study investigated a research question on whether emerging countries 
provide more or less of a hedge against actual, expected and unexpected inflation than developed markets. It was 
hoped that such data provision might stimulate more indirect African investment.  

DESIGN/METHODS FOLLOWED/APPROACH: The study generated annual REIT return data from 2008 to 2015 in 
the study countries. It also determined actual inflation data from annualized monthly CPIs in the various countries 
and expected inflation from annualized 90-day treasury bill rates The Fama and Schwert (1977) OLS methodology 
was considered for inflation hedging analysis. However, one of the assumptions of OLS is stationarity. Accordingly, 
a unit root test (the Augmented Dickey Fuller test) was conducted to determine if REIT returns and inflation were 
stationary. OLS could not be used because stationarity assumptions were violated (return and inflation data were 
stationary only at first difference). Therefore, cointegration tests are conducted to determine the right model to 
estimate the relationship between the between total returns and inflation components. Where the variables were 
found cointegrated, the Error Correction Model (ECM) was adopted while Ordinary Least Squares at first difference 
was adopted where data was not cointegrated.

FINDINGS: From the analysis of beta coefficients, the study rejected the hypothesis that REIT returns in developing 
countries do not hedge against actual, expected and unexpected inflation (since Nigeria and Malaysia returns 
demonstrated partial hedges against all inflation components) but could not decisively accept or reject the 
hypothesis that REIT returns in developed countries hedge against actual, expected and unexpected inflation as the 
results from the UK and US demonstrated no uniform inflation hedging pattern.

KEYWORDS: International REITs, Actual, Expected and Unexpected Inflation hedging, developed emerging 
countries
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01 INTRODUCTION

There is increasing cross country interest of investors across the world in indirect property investment vehicles 
like Real Estate Investment Trusts (REITs). Investors are investing in REITs in their own countries and increasingly 
in REITs in other countries across the world. However, such investors need information on a variety of investment 
indicators in target countries to assist them in international decision making. One of such indicators is inflation 
hedging ability because international investors face the problem of how to maintain the purchasing power of 
their investments. Investors therefore seek information on is whether or not to the real value of their prospective 
investment returns can be safeguarded. In other words, among other investment criteria, investors seek to know 
whether the returns on their prospective investments in other countries can hedge against inflation and thereby 
provide inflation hedging diversification. If an asset does not lose value with an increase in inflation then the asset is 
described as providing a complete or partial hedge against inflation. If however it loses its value with an increase in 
inflation then the asset is described as having a perverse hedge against inflation (Petrov, 2008).

Inflation is the continuous rise in the prices of goods and services (CBN, 2016). It is a menace that leads to a fall in 
the purchasing power of currency. The rate of actual inflation is usually measured with an index called the consumer 
price index (CPI). If for instance an investor is seeking investment in a truly global REIT portfolio (REITS in every 
continent, including Africa), he would - among other pieces of information - need information on the consumer price 
index in all target countries. He would also seek information on expected inflation (usually proxied by the 90 day 
treasury bills of the target county) and unexpected inflation (which is the difference between actual and unexpected 
inflation). Unfortunately, generally speaking, most African countries do not presently have the databases to provide 
investor information on returns which can be used to assess investment potential relative to indicators such as 
inflation hedging (Jones Lang LaSalle, 2014). The limited information on the African investment market is in turn due 
to low level of published research activity conducted in the region 

In the absence of information, prospective investors are hindered from considering African investment as a whole. 
According to Lin et al (2006, cited in Emele & Umeh, 2013), there is a limited flow of foreign investment into the 
African property market (including Nigeria) which is attributed to lack of investors’ confidence. Africa is being denied 
the benefits of participation in foreign indirect investment, because of an absence of studies which will provide 
information on indicators such as inflation hedging potentials for international investors’ decision making. 

Very few studies have looked into inflation hedging performance of REITs in Africa. Most of the few studies on 
inflation hedging have focused on inflation hedging of direct real estate (papers such as Odu, 2011 and Dabara, 
2014). Moreover, most of these studies were country specific; they did not consider relative inflation hedging 
potential across a range of prospective target countries including African countries. Lee, Lee, Lai & Lang (2011) 
point out that existing inflation hedging studies focus mainly on American real estate investment trusts (U.S. REITs) 
and British real estate stocks. Studies that address emerging markets have focused mainly on Asian markets like 
Malaysia, the Philippines, and Taiwan. Some of these studies include Liu and Zhou (2009), Kloosterman (2009), 
Attie and Roachie (2009), Case and Wachter (2011) and Nittayaksetwat and Peungcher (2015). No known study has 
hitherto compared the portfolio inflation-hedging capabilities of REITs in Asian and African emerging countries vis-
a-vis REITs in developed countries as part of one study. The major driver of this study is to fill this gap in knowledge. 
The study would probably be one of the first of such studies.

The rationale behind the choice of countries was accordingly to select the two most often studied developed 
markets in America and Europe (US and UK) and two emerging markets drawn from Asia and Africa (Malaysia 
and Nigeria). Inflation hedging ability has been suggested to be related to whether the economy is developed or 
emerging (Amonhaemanon, Annaert & Ceuster, 2014). Specifically, developing countries are suggested to be more 
likely to experience inflation risk (Briere & Signori, 2011) and more likely provide a perverse hedge against inflation 
relative to developed countries (Lee, Lee, Lai & Lang, 2011). Investors who seek to invest in both developed and 
developing countries would be interested in a possible correlation between inflation hedging capacity and the 
level of development of the economy (emerging versus developed) as this might guide in decisions on international 
inflation diversification. 
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In other words, the motivation for the choice of countries lies the intention to investigate the research question: 
do emerging countries provide more or less of a hedge against actual, expected and unexpected inflation than 
developed markets? The overall aim is to investigate the inflation hedging performance of the REITs in the United 
Kingdom, the United States, Nigeria and Malaysia with a view to providing information that could enhance 
international REIT investment in international portfolios. Hopefully, the results will help inflation conscious investors 
to take advantage of the REIT potential in emerging countries such as those in Africa.

The paper is structured into six sections. The first section is introductory. The second section provides a brief 
overview of the economies in the study area while the third section reviews relevant inflation hedging literature. 
Section four is devoted to the theoretical framework and research methods adopted while section five provides 
the results of the empirical investigations. The paper closes with a summary, recommendations and conclusions in 
section six.

2.0 BRIEF OVERVIEW OF THE ECONOMIES AND REITS IN THE STUDY AREA

The US: The United States is a developed country. It is in fact the world’s largest national economy with a GDP of 
17.95 trillion USD in 2015 and 18.56 trillion USD in 2016. The U.S. dollar is the currency most used in international 
transactions and is the world’s foremost reserve currency. The United States has a mixed economy and has 
maintained a stable overall GDP growth rate, a moderate unemployment rate, and high levels of research and capital 
investment. It is known for its abundant natural resources, well-developed infrastructure, and high productivity. 
The U.S. is the world’s third largest producer of oil and natural gas. It is one of the largest trading nations in the 
world. The United States has one of the world’s largest and most influential financial markets. The New York Stock 
Exchange is the world’s largest stock exchange by market capitalization and a lot of foreign investments are made 
in the US annually. The US economy went through an economic downturn following the financial crisis of 2007 and 
2008, but started recovering in the second half of 2009.

The first REIT was created in the US in 1960 by the United States Congress with the introduction of the Real 
Estate Investment Trust Act. Continental Mortgage Investors became the first REIT to be listed on the New York 
Stock exchange. As of August 31, 2016, there were 189 REITs listed on the New York Stock Exchange with a huge 
combined market capitalization of $986 billion.

The UK: The United Kingdom is a developed country which has the fifth-largest national economy in the world 
measured by nominal gross domestic product (GDP) with a GDP of 2.849 trillion USD and a growth rate of 2.3%.  
It is the second-largest economy in the European Union by both metrics. In 2015, the UK had the fourth-largest 
inward foreign direct investment, and in 2013 the UK had the second-largest outward foreign direct investment. 
It is one of the most globalized economies, and is composed of (in descending order of size) the economies of 
England, Scotland, Wales and Northern Ireland. The currency of the UK is the pound sterling, which is the world’s 
third-largest reserve currency after the United States dollar and the euro, and is also one of the ten most-valued 
currencies in the world. The UK economy had been one of the strongest economies in terms of inflation, interest 
rates and unemployment, all of which remained relatively low until the 2008 and 2009 recession.

After nearly 4 years speculation and negotiations, REITs were introduced in to the UK at the start of 2007 and since 
then, a number of larger listed UK property companies converted to UK REITs as well as a number of start-up REITs. 
There are presently 39 REIT companies in the UK which include:  British Land, Land Securities, Liberty International, 
Hammerson, Brixton, Derwent London, Great Portland Estates, Primary Health Properties, SEGRO, and Workspace 
Group.

Nigeria: Nigeria, a developing country located in West Africa. It is the largest economy in Africa. It is ranked the 
21st-largest economy in the world in terms of nominal GDP. In 2015 its GDP was 481.1 billion USD with a growth 
rate of 2.7% Nigeria is a mixed economy and an emerging market, with expanding manufacturing, financial, 
service, communications, technology and entertainment sectors. Its re-emergent manufacturing sector became 
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the largest on the continent in 2013, and it produces a large proportion of goods and services for the West African 
subcontinent.Nigeria is one of two countries from Africa which are among the 11 Global Growth Generator 
countries. It is a major exporter of oil though her government revenues still heavily rely on this sector. Nigeria is 
the 9th most populous country in the world with enough population to support residential and commercial demand 
(Olanrele, Said & Daud, 2014).

The Nigerian Securities and Exchange Commission issued guidelines for registration of REITs in 2007. The first listed 
REIT in Nigeria was the N2 billion Skye shelter fund which was listed in 2008. There are presently three listed REUTs 
in Nigeria with a combined market capitalisation of over N45 billion. These include Skye Shelter REIT, Union Homes 
REIT and UPDC REIT. 

Malaysia: Malaysia is an emerging economy located in Southeast Asia. In 2015 it had a GDP of 296.2 billion USD 
and a growth rate of 5.0%. It is the fourth largest economy in Southeast Asia, after the much more populous 
countries of Indonesia, Thailand and the Philippines, and is the 35th largest economy in the world. Malaysia is also 
the third richest economy in Southeast Asia by GDP per capita values, after the city-states of Singapore and Brunei. 
Malaysia’s economy is one of the most competitive in the world, ranking 14th in the Ease of Doing Business Index 
for 2015. Malaysia is an important trading partner for the United States. In 1999, two-way bilateral trade between 
the US and Malaysia totalled US$30.5 billion, with US exports to Malaysia totaling US$9.1 billion and US imports 
from Malaysia increasing to US$21.4 billion. Malaysia was the United States’ 10th-largest trading partner and its 
12th-largest export market. During the first half of 2000, US exports totalled US$5 billion, while US imports from 
Malaysia reached US$11.6 billion. In 2015 Malaysia was the 6th most attractive country for foreign investors, 
ranked in the Baseline Profitability Index (BPI) published by Foreign Policy Magazine. 

The first REIT (Axis REIT) was formed in Malaysia in 2005 following the revision of the Securities and Exchange 
Commission guidelines in 2002. There are presently 18 REIT in Malaysia (as at December 2016). REIT market 
capitalization has increased significantly from a mere RM 1.8 in December 2005 to RM 44.19 billion in 2017 (Wong, 
2015).

3.0 REVIEW OF PAST STUDIES

The subject matter of the literature review is inflation-hedging performance of assets. The review examines papers 
that have examined such performance across the world. 

In the USA, Mull and Soenen (1997) examined US-REITs efficiency as a portfolio component in international 
investment and found that US-REITs offers both a good hedge against inflation and diversification benefits when 
mixed with other asset class it provided returns comparable to stock and bonds. Including REITs to a portfolio of 
stocks and bonds reduced its overall risk without reducing its expected return. The study showed that US-REIT was 
more attractive for investors than stocks and bond from other developed countries and it provides opportunity for 
international investors to be exposed to dollar cushioning. However, this was a study of REITs inflation hedging in a 
developed market; it did not examine developing markets.

In Singapore, Sing and Low (2000) empirically tested the inflation hedging characteristics of the property and non-
property assets. CPI was used as a proxy for actual inflation, for the expected inflation, 3-month Treasury bill was 
used as a proxy for expected inflation.  The Pearson rank correlation coefficients between the asset returns and 
the inflation rate were determined. The study found that property assets provided a better hedge against inflations 
than non-property assets. Industrial property was also found to be the most effective hedge against expected and 
unexpected inflation, whereas shop offered only significant hedge against the expected inflation. It was found 
that more assets were found to established significant hedges against both expected and unexpected inflation in 
the sub-period analyses from 1993 to 1998, which involved four different 5- yearly periods. When the tests were 
extended to examine the inflation hedging characteristics of assets in the high and low inflation environments, 
residential property was found to be a good hedge against unexpected inflation in the low inflation period, whereas 
industrial property showed a better hedge against inflations during the high inflation period. However, this was 
also a study of REITs inflation hedging in a developed market; it did not examine the inflation hedging of REITs in 
developing markets.
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Hoesli, Lizieri, MacGregor (2008) examined the inflation hedging characteristics of US and UK investment. The 
study investigated the long run and short run relationship in real estate returns from both the public and private 
market and inflation for the UK and US markets. The error-correction model was adopted in determining inflation 
hedging potential. The study found that REITs and direct property investment provide a hedge against anticipated 
inflation in the long run in the US market while direct property investment in the UK could hedge effectively against 
anticipated and unanticipated inflation. In the short-run, there was no evidence that real estate investments were 
a hedge against inflation.  Also, asset returns were positively linked to anticipated inflation but not to inflation 
shocks in the long run and real estate returns, show qualities that differ from those of stocks especially the private 
market returns. However, the study was also focused on inflation hedging potential in developed markets without 
considering developing markets.

In Hong-Kong, Liu and Zhou (2009) examined the inflation hedging behaviour of securitized real estate markets 
between 1986 and 2007. Their results showed that Hong-Kong real estate market can serve as an inflation hedge 
in the short term, but a perverse hedge against inflation in the long run. The author further revealed that the 
inflation hedging performance of securitized real estate is not static but depends on the length of forecast. Hong 
Kong is considered developed and therefore, the study must be regarded as another study of inflation hedging in a 
developed market excluding consideration of developing markets.

In Asia, Lee, Lee, Lai, & Lang (2011) examined whether real estate stocks exhibit inflation-hedging characteristic in 
the long run. The paper explored the long-run, inflation-hedging properties of real estate stocks in Malaysia, the 
Philippines, and Taiwan. Contrary to results based on data from developed markets, the empirical evidence in this 
study clearly showed that real estate stocks do not provide a hedge against inflation in the long run in the three East 
Asian emerging markets in this study. However, the study focused on Asian developing markets. It did not consider 
African developing markets and moreover did not compare inflation hedging from both developed and developing 
markets

In Nigeria, Odu (2011) investigated the inflation hedging capacities of some commercial properties in prime 
locations (offices in Ikoyi, Victoria Island, Ikeja, and environs) of Lagos between 1999 and 2010.  The Ordinary Least 
Square model of Fama and Schwert (1977) was used to regress real estate rates of returns against actual, expected 
and unexpected inflation rates. Data on the rental and capital values for the properties sampled were obtained 
from selected practicing Estate Surveyors and Valuers in Lagos, while data from the Nigerian Consumer Price Index 
was used for actual inflation and 90-day Treasury bill rates was used for expected and unexpected components of 
inflation between 1999 and 2010. The study found that commercial properties around Victoria Island and Ikoyi, 
provided a perverse hedge against actual inflation, while properties in Ikeja and its environs provided a complete 
hedge against actual inflation. However, the study was limited to direct commercial properties. This study is one of 
the few inflation hedging studies in a developing country but it did not consider indirect property such as REITs and 
did not compare inflation hedging potentials of both developed and developing countries.

Lee and Lee (2012) examined the inflation-hedging properties of US Equity REITs in the long-run, before and after 
the structural break in the 1990s. The study used monthly series to measure the performance of REIT markets, 
inflation, monetary policy, and real activities. The total return index for equity REITs was obtained from NAREIT 
databases. Large-cap equity REIT portfolio return and small-cap equity REITs were constructed using the CRSP/
Ziman Real Estate Database. The consumer price index (CPI), Federal Funds rate and the seasonally adjusted total 
industrial production index were obtained from Economagic.com. A series of one-month Treasury bill returns 
was obtained from the Stocks, Bonds, Bills, and Inflation (SBBI). Yearbook and used as the proxy for the risk-
free rate. The Fama and Gibbons’ (1984) model was applied to estimate the expected inflation and unexpected 
inflation. The authors found that REITs provided a hedge for expected inflation after the structural break, but not 
before. However, this study was focused on inflation hedging in a developed property market (the US) excluding 
consideration of developing markets as Africa.

In Hong Kong, Ng (2012) studied the inflation hedging performance of REITs in the short term from 2005 to 2012. 
Using 7 H-REITs. The study applied the regression model of Fama and Schwert and found that only one of the seven 
REIT provided an edge against unexpected inflation while others were an ineffective hedge against general inflation, 
expected and unexpected inflation. The author concluded that Hong Kong REITs did not provide effective hedge 
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against inflation. However, such inflation hedging studies in Hong Kong (regarded as a developed country) exclude 
consideration of developing countries.

In Thailand, a developing country, Amonhaemanon, Annaert and De Ceuster (2014) investigated the inflation 
hedging ability of direct real estate against actual inflation and expected inflation during the period 1987-2011, 
using the framework of Fama and Schwert. The consumer price index (CPI) in Thailand was used as a proxy for 
actual inflation while quarterly inflation data aggregated from monthly data was used to correct errors from the 
use of monthly CPI data. For direct real estate, the index for single detached houses with land and the index for 
town houses with land were used for the analysis.  The study found that real estate provided a strong hedge against 
inflation, and the relationship of inflation hedging to real estate is largely dependent on the state of the economy. 
This is one of the relatively few studies of inflation hedging in a developing study. However, the study did not 
compare the inflation hedging potential in developed and developing countries.

In Nigeria, another developing country, Dabara (2014) investigated the inflation hedging performance and risk-
return characteristics of residential properties in Gombe, Nigeria, using total property returns from 2003 and 2012. 
He employed the Nigerian consumer price index as a proxy for actual inflation and the 90-days Treasury bill rate 
as proxy for expected inflation. His results showed that residential properties in Gombe state provided a partial 
hedge against actual inflation, a perverse hedge against unexpected inflation and complete hedge against expected 
inflation. However, the study was limited to a developing country.  It did not provide international inflation risk 
averse investors the opportunity to make inflation diversification choices.

In Australia, Nittayaksetwat and Peungcher (2015) investigated inflation hedging potential of REITs in a mixed 
portfolio, using asset class factor model, from 1989 to 2014 measured on a quarterly basis. They used a portfolio 
of 5 different asset classes consisting of shares, bonds, human capital, REITs and commodity assets. Their results 
showed that of the five assets analyzed only REITs and commodities had a significant hedge against inflation and 
direct real estate did not hedge against inflation. However, the return of the assets was tested against ex-post 
inflation and not against expected and unexpected inflation and in any case, the analysis covered only a developed 
country.

In Nigeria, Dabara, Ogunba and Araloyin (2015) examined the inflation hedging and diversification potentials 
of direct and indirect real estate investments from 2005-2014. The study used secondary data on rental and 
capital values of residential properties obtained from five estate surveying firms where used for direct real 
estate investment and data for dividend and share price of the indirect real estate investment were obtained 
from the Nigerian stock exchange to get the holding period returns. The results also showed that direct property 
investment had diversification potentials and could completely hedge inflation while indirect property did not have 
diversification potentials and provided a perverse hedge against inflation. However, this study of a developing 
country did not coffer a consideration of assets in developing countries

The overall gap with inflation hedging studies derive from the fact that they have been largely country specific. 
Most studies have focused on developed countries while a few have addressed hedging performance in developing 
countries. Studies focused on developing countries have largely found that direct or indirect property in the country 
of focus are hedges against actual and expected inflation. A few studies that have focused on developing countries 
(including Africa) suggest that REITs are hedges against actual inflation but perverse hedges against expected and 
unexpected inflation. As earlier said, investors who seek to invest in both developed and developing countries 
would be interested in a possible correlation between inflation hedging capacity and economic maturity (emerging 
versus developed country) as this might help in offer international inflation diversification.   The overall gap 
therefore has to do with the absence of studies which compare inflation hedging in a REIT portfolio that comprises 
of assets from both developed and developing countries.
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In this regard, the paper makes two a-priori expectations 

REIT returns in developing countries (represented in this study by Malaysia and Nigeria) do not hedge against 
actual, expected and unexpected inflation. In other words, REIT returns in developing countries are expected to 
be a perverse hedge against inflation. Mathematically, this can be represented by the regression beta coefficient 
between REIT returns and inflation components (actual, expected and unexpected inflation) being less than zero.

H0: β < 0

REIT returns in developed countries (represented in this study by the United States and the United Kingdome) 
hedge against actual, expected and unexpected inflation. In other words, it is expected that REIT returns in 
developed countries are a partial or complete hedge against inflation. This expectation can be represented by the 
regression beta coefficient between REIT returns and inflation components (actual, expected and unexpected 
inflation) being greater than zero.

H1: β > 0

4.0 THEORETICAL FRAMEWORK AND RESEARCH METHODS

The theoretical framework (on which the methodology adopted in this paper is based) focuses on inflation hedging 
modelling. The early theoretical model employed by researchers on assessing the inflation hedging potentials of 
assets is the model of Fisher (1930) which was improved upon by Fama & Schwert (1977). Recently, the procedure 
of Fama & Schwert (1977) has been further modified/corrected drawing from ideas by Engle and Granger (1965, 
1969). 

(A) THE FISHER THEORY

Earliest studies on inflation hedging attributes of assets were modeled from the work of Fisher (1930). The 
Fisher hypothesis states that real interest rates depend on nominal rates and inflation, such that nominal rates 
less inflation result in real interest rates. This implies that ‘expected nominal interest rates should move in the 
same direction with expected inflation. Fisher (1930) stated that the nominal rate of interest is made up of two 
components: the expected rate of inflation (πe

t) and the real rate of interest (rt) 

Fig. 1: Fisher’s Model on nominal interest rate.

 Nominal interest Rate

Expected Real Return

Expected Inflation Rate
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Fisher’s ideas are expressed mathematically as:

it = rt + πe
t………………………………………………………………………..………………………... (1)

Where:  
it = nominal return
rt = real rate of return

πe
t = inflation rate

In essence Fisher differentiated between the real and nominal interest rates, stating that the real interest rate 
is what the investors will obtain after the nominal interest rate has been adjusted by inflation. Fisher (1930) 
expressed this relationship as follows:

r=                       -r ……………………………………………………………………..………………………... (2)

Where:
r = the real interest rate;
i = the nominal interest rate,

Fisher (1930) stated that “the nominal rate can be expressed as the sum of an expected real rate and the expected 
inflation rate. The proposition that the expected nominal rate contains market assessments of expected inflation 
rate can be applied to all assets. Thus, if the market is an efficient or rational processor of the information 
available at time t – 1, it will set the price of any asset j so that the expected nominal rate on the asset from 
t – 1 to t is the sum of the appropriate equilibrium expected real rate and the best possible assessment of the 
expected inflation rate from t - 1 to t (cited in Fama and Schwert (1977). The Fisher equation can therefore be 

expressed as

i = r + τe

Where:
 τe = the annual rate of inflation expected during the term of the loan,
 r = the contracted real interest rate and 
  i = the nominal interest rate (contracted rate.)

(1+i)
(1+inflation)
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(B) THE FAMA & SCHWERT (1977) MODEL

Fama & Schwert (1977) improved on the model of Fisher (1930) and came up with a theory that expected nominal 
return on properties is the sum of real return (actual inflation), expected inflation and unexpected inflation. Fama & 
Schwert created a regression model to explain the relationship between nominal interest rate, expected real return, 
expected inflation rate and unexpected inflation rate which can be expressed as:

 Rjt = αj + βjE(Δt | øt-1) + yj[Δt -  E(Δt | øt-1)] +  Ԑjt  ………………………...  (3)
 
Where: 
Rjt = nominal return (which may be measured in income return or capital return terms) on real estate 
type j from period t-1 to t;
αj = the intercept term in the regression model, it reflects the real return on real estate type j from 
period t-1 to t;
βj = the slope coefficients for expected inflation for real estate type j with respect to income return or 
capital return;
E(Δt | øt-1) = best estimation of the expected value of the inflation in time t Δt based on the information 
set available up to time t-1, denoted as øt-1;
Δt = the true value of observed inflation rate from period t-1 to t;
yj = the slope coefficients for unexpected inflation for real estate type j with respect to income return 
or capital return;
Δt -  E(Δt | øt-1) is used to measure shocks after acknowledgment of true inflation rate Δt, or rather the 
unexpected or unanticipated inflation rate, which is known in time t;
Ԑjt = the error term for return of real estate type j from period t-1 to t.

In this model, an asset was considered a complete hedge against inflation if the value of the β coefficient is 
positive and not significantly less than 1. An asset had zero hedge against inflation if the value of β was not 
significantly different from zero. An asset has a perverse hedge against inflation if the value of β is negative.

 Nominal Return

Expected Real Return

Expected Inflation

Unexpected Inflation

Fig. 2: Fama & Schwert’s Model of Nominal Return
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(C) IMPROVEMENTS ON FAMA & SCHWERT OLS MODEL BASED ON TESTS OF STATIONARY

Recent researchers have pointed to the stationarity assumptions of the regression based methodology of Fama 
& Schwert and emphasized that it is not in all cases that inflation hedging data can be amenable to the their 
model.  The ordinary least squares regression model can only be appropriately employed where the data input 
is stationary (where the data is normally distributed). It is therefore necessary to test for stationarity. The error 
correction model is a multiple time series model that is mostly used where the data are cointegrated. It is used 
to estimate both the short-run and long-run effects of one time series on another. The ECM estimates the 
speed at which the dependent variable returns to equilibrium after a change in the independent variables

From figure 3 a stationarity test is carried out on the inflation data. If the data is found stationary, Fama and 
Schwert ordinary least squares regression analysis can be adopted to test for inflation hedging. If however 
the data is non-stationary, then the more appropriate method to use would depend on whether the return 
and inflation data are cointegrated. The Augmented Dickey Fuller or Johansen Cointegration test is done to 
determine cointegration. Where the data is cointegrated, the appropriate model to adopt would be the error 
correction model and where the data is not cointegrated the appropriate procedure would be to use ordinary 
least squares regression after first differencing.

Data Stationary

Actual Inflation

Expected Inflation

Unexpected Inflation

Actual Inflation

Expected Inflation

Unexpected Inflation

Actual Inflation

Expected Inflation

Unexpected Inflation

HPR ADF or 
Philip Perron etc

Data Not Stationary

Johansen Test
Data Not 

Cointegrated 
Use OLS after 

First Difference

Data 
Cointegrated 

Use ECM

THEORETICAL FRAMEWORK (INFLATION HEDGING)

Modification of Fama & Schwert model (1977)
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The data required to operate the above theoretical framework required first, the REIT asset returns in the four 
countries (sourced from internet websites such as the NAREIT and Bursa Malaysia websites); second, the consumer 
price indices in the respective countries (which served as proxies for actual inflation) and; third, the 90-day treasury 
bill rates in the respective countries (which served as proxies for expected inflation). Unexpected inflation was 
calculated as the difference between actual and expected inflation. 

As was stated in the theoretical framework, it was necessary to first test the stationarity of returns of the REIT 
returns in each of the study areas to ascertain whether Fama & Schwert OLS can be used. Stationarity tests 
ascertain whether the REIT returns were far from their means (whether they display excessive dispersions), 
and are therefore subject to a high level of unpredictability. The ordinary least square regression (OLS) model 
is a long run model that assumes consistency. OLS cannot therefore be properly used in non-stationary 
circumstances. The Augmented Dickey Fuller (unit root) test was employed to test for stationarity. If the data 
is found stationary at level (I0), then the REIT returns can fulfil OLS assumptions of stationarity and can be 
subjected to OLS. If however the REIT returns are stationary only at first difference (I1) or at second difference 
(I2), the OLS cannot be used to test for inflation hedging. Rather, a cointegration test would be employed 
between REIT return data and inflation data to determine the right model to estimate inflation hedging 
potential. This study employed the Johansen Cointegration test. Cointegration refers to comovement between 
total returns on one hand and actual, expected and unexpected inflation on the other hand. Johansen’s (1988) 
multivariate cointegration test is expressed as follows:

Where:

∆ = the first difference operator 
Yt = dimensional vector of I(1) processes (i.e vector of stochastic variables)  

µ  = a vector of constants 

Ɛt = dimensional vector with zero mean (i.e is a vector of normally, independently, and identically distributed 
errors with zero means and constant variances) 
r = distinct cointegrating vectors. 

Π = matrix of cointegrating vectors; this is what represents the long-run cointegrating relationship between 
the variables. 

The procedure of Johansen provides the maximum likelihood estimates of α, β, while Π and the two likelihood 
ratio test statistics determine the rank of the cointegration space. If the coefficient matrix Π has reduced 
rank r<n, then there exist nxr matrices α and β each with rank r such that Π = αβ′ and t β′y is stationary. r is 
the number of cointegrating relationships, the elements of α are known as the adjustment parameters in the 
vector error correction model and each column of β is a cointegrating vector. It can be shown that for a given 
r, the maximum likelihood estimator of β defines the combination of t−1 y that yields the r largest canonical 
correlations of t Δy with t−1 y after correcting for lagged differences and deterministic variables when present” 
as seen in (Dabara, 2014)

Finally, the relationship between the REIT returns (dependent variables) and each of the inflation components 
(independent variables) were determined to assess the inflation hedging potential of REITs in the study area. 
The Error Correction model or OLS at first difference (whichever is used) would provide the β coefficients. The 
decision rule for β is as follows: An asset is a complete hedge against inflation if the value of β is above 1. An 
asset is a partial hedge against inflation if the value of β is between 0 and 1. An asset has zero hedge against 
inflation if the value of β is not significantly different from zero. An asset has a perverse hedge against inflation 
if the value of β is negative.

∆yt=µ+Πyt-1 ri∆yt-1+Ɛt+

p-1

i-1
Ʃ ………………………...  (4)
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5.0 FINDINGS 

Annual data on REIT returns were collected in January 2017 from NAREIT and Bursa Malaysia websites in 
respect of each of the study areas. These were analysed by means of the Investment Portfolio software and 
E-VIEW software in February 2017.

The time frame of return data obtained for UK-REITs was from 2007-2015 while US-REIT data was available 
from 2001-2015 and Malaysia REIT data from 2005-2015. Data on Nigerian REITs was available from 2008-
2015. However, in the analysis, the same timeline (2008 to 2015) was employed for all countries as it is 
conceptually wrong to make a comparison based on different timelines. The inability to consider data on a 
longer term basis including consideration of different timelines is a limitation of the study. Timelines capture 
different expectations. For instance we know that real estate is in cycles, a longer time series would have 
captured perhaps 2 cycles while the short time series adopted would have only capture one

In the absence of a Nigerian REITs database, total returns for Nigeria had to be calculated from the daily share 
prices and dividends of the three REIT companies Skyeshelter, Union Homes and UPDC which were converted 
to annual data share prices.

The formula used for calculating returns was as follows

Where: 

Dt = Dividend received in period t  
Pt - Pt - 1 = total changes in price  
Pt-1 = Price at the end of period t-1 or the start of period t

A depiction of the total returns for REITs in the four countries is presented in figure 4.

Fig. 4: Graphical Representation of Total Return on REITs in the Four Countries

………………………...  (5)Total Return =
Dt + (Pt - Pt-1)

Pt-1
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We see from figure 4 that the total returns of N-REIT, M-REIT and US-REIT have been more stable than that of 
the UK-REIT which had high negative returns of -42.9% and -35.1% in 2007 and 2008. The negative returns for 
the developed countries (UK and US returns) in this period could be attributed to the global recession that took 
place in 2007 and 2008 leading to a drastic fall in the total returns of REITs in the UK, coupled with the fact 
that UK-REIT had just been established in 2007. Total returns for the emerging countries (M-REIT and N-REIT) 
showed no sign of having been affected by the economic meltdown.

Table 1 presents data on the Consumer Price Index (CPI) and 90-day Treasury bill rates in the four countries 
from 2008 to 2015. 

The annual actual inflation was calculated from the consumer price indices in Table 1. The annual actual 
inflation rate is the percentage difference between CPI of one month in a proceeding year to the CPI of the 
same month in the current year. Similarly, the 90-day rates were annualized to present a uniform basis for 
comparison with the data on returns. Unexpected inflation calculated as the difference between actual and 
expected inflation. 

The next stage of the analysis was to determine the stationarity of both the REIT returns and inflation data. 
The results showed the unit root test on the variables (that is the REIT returns and inflation components) in 
the four countries to be between the range of I(1), meaning that the REIT return data was non-stationary; 
they were only stationary after the first difference. The decision rule for the ADF test is: If the p value (γ 
coefficient) is greater than 0.05, then we reject implied hypothesis (that is, the data is not stationary at 
level). As a corollary, if the p value (γ coefficient) is less than 0.05 then we accept null hypothesis (the data is 
stationary at level).

The results of the ADF text are presented in tables 2, 3, 4 and 5.

Table 1: CPI and 90-day TB rates between 2008 and 2015 

 UK USA Nigeria Malay UK USA Nigeria Malay

Year CPI 90-day TB Rates %

2008 84.7 215.30 97.84 80.4 215.193 94.45

2009 86.5 214.53 95.76 98.42 85.97 214.477 91.98 96.37

2010 89.4 218.05 108.92 175.24 88.9 217.935 105.07 172.64

2011 93.4 224.93 120.72 103.19 92.91 224.919 111.01 100.26

2012 96 229.59 135.47 104.90 95.69 229.544 121.84 101.87

2013 98.5 232.95 146.986 107.11 98.2 232.887 136.13 104.11

2014 99.9 236.73 158.81 110.48 99.52 236.696 148.31 107.35

2015 100 237.02 173.12 112.80 99.59 236.857 163.88 109.69

Sources: Department of Statistics Malaysia, Bureau of Statistics, Nigeria, Knoema Corporation Statistics, Central Bank 
websites etc
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Table 2: Unit Root Test on Malaysian REITs

Malaysia

Variable ADF Statistics 
Level P-value ADF Statistics 

First difference P-value Remarks Conclusion

MAL_ACTUAL -2.8348 0.0786 -5.8004 0.0006 I(1) Not stationary until after 
1st difference

MAL_UNEXP -2.8237 0.0801 -5.7243 0.0006 I(1) Not stationary until after 
1st difference

Table 3: Unit Root Test on Nigeria REITs 

Nigeria 

Variable ADF Statistics 
Level P-value ADF Statistics 

First difference P-value Remarks Conclusion 

NIG_ACTUAL 4.4529 1.0000 -3.7668 0.018 I(2) Not stationary until after 
2nd  difference

NIG_EXP -2.0126 0.2785 -3.5973 0.0221 I(1) Not stationary until after 
1st difference

NIG_REITS -1.6419 0.4368 -3.9057 0.013 I(1) Not stationary until after 
1st difference

NIG_UNEXP 1.5886 0.9985 -3.5225 0.0252 I(1) Not stationary until after 
1st difference

Table 4:Unit Root Test on UK REITs

UK

Variable ADF Statistics 
Level P-value ADF Statistics 

First difference P-value Remarks Conclusion 

UK_EXP -0.9761 0.7308 -2.8372 0.0801 I(1) Not stationary until after 
1st difference

UK_REITS -2.2191 0.2084 -3.845 0.0158 I(1) Not stationary until after 
1st difference

UK_UNEXP -0.7063 0.8115 -1.5854 0.4614 I(1) Not stationary until after 
1st difference

UK_ACTUAL -1.231 0.6266 -1.3821 0.5578 I(1) Not stationary until after 
1st difference

Table 5: Unit Root Test on USA REITs

US

Variable ADF Statistics 
Level P-value ADF Statistics 

First difference P-value Remarks Conclusion 

USA_EX -2.2714 0.1937 -3.0872 0.0549 I(1) Not stationary until after 
1st difference

USA_REITS -3.4901 0.0251 -4.5017 0.0054 I(1) Not stationary until after 
1st difference

USA_UNEXP -0.8488 0.7728 -3.2466 0.0404 I(1) Not stationary until after 
1st difference

USA_ACTUAL -1.1352 0.6700 -2.967 0.0646 I(1) Not stationary until after 
1st difference
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In cases as this, where the variables are not stationary, OLS cannot be used because the stationarity 
assumptions of OLS are violated. Therefore, cointegration tests are conducted on the data to determine 
the right model to estimate the relationship between the variables (i.e. between total returns and inflation 
components). Inflation components such as actual inflation were proxied by the CPI indices from the respective 
countries, while expected inflation was proxied by the 90-day Treasury bill rates from each of the four 
countries (these were collected from the respective Central Banks of the four countries). Unexpected inflation 
was calculated as the difference between the actual and expected inflation rates. 

For the cointegration tests, the implied null hypothesis was that there is no cointegration between total returns 
and inflation components. The decision rule is that where the t. statistic > the critical value then we reject the 
hypothesis (i.e. cointegration exists). The alternative decision rule uses the p value rather than the t statistic. 
Where the probability value (p value) is greater than 0.05, then there is no cointegration or comovement 
between total returns and actual, expected and unexpected inflation as the case may be.

The results of the cointegration test on the REIT returns and the inflation component returns are presented in 
tables 6, 7, 8 and 9. 

Table 6: Johannsen’s Test of Cointegration between M-REIT Return and Inflation Components 

Inflation 
Component t statistic 0.05 Critical Value p. value Decision

Appropriate 
Inflation Hedging 
Ability Model

Actual Inflation 20.04 15.49 0.0096
Accept null 
hypothesis (Data 
Co-integrated )

ECM

Expected Inflation 13.33 15.49 0.1034
Reject null 
hypothesis (Data 
not Co-integrated)

OLS

Unexpected 
Inflation 19.78 15.49 0.0100

Accept null 
hypothesis (Data 
Co-integrated)

ECM

Table 7: Johannsen’s Test of Cointegration between N-REIT Return and Inflation Components 

Inflation 
Component t Statistic 0.05 Critical Value P. Value Decision

Appropriate 
Inflation Hedging 
Ability Model

Actual inflation 28.07 15.49 0.0003
 Accept null 
hypothesis (Data 
Co-integrated)

ECM

Expected inflation 21.74 15.49 0.005
Accept null 
hypothesis (Data 
Co-integrated)

ECM

Unexpected 
inflation 8.18 15.49 0.450

Reject null 
hypothesis (Data 
not Co-integrated)

OLS
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Table 8: Johannsen’s Test of Cointegration between UK-REIT Return and Inflation Components 

Inflation 
Component t Statistic 0.05 Critical Value p Value Decision

Appropriate 
Inflation Hedging 
Ability Model

Actual inflation 86.27 15.49 0.0000
Accept null 
hypothesis (Data 
Co-integrated)

ECM

Expected inflation 106.32 15.49 0.0001
Accept null 
hypothesis (Data 
Co-integrated)

ECM

Unexpected 
inflation 34.80 15.49 0.0000

Accept null 
hypothesis (Data 
Co-integrated)

ECM

Table 9: Johannsen’s Test of Cointegration between US-REIT Return and Inflation Components 

Inflation 
Component t Statistic 0.05 Critical Value P. Value Decision

Appropriate 
Inflation Hedging 
Ability Model

Actual inflation 18.16 15.49 0.01
Accept null 
hypothesis (Data 
Co-integrated)

ECM

Expected inflation 20.86 15.49 0.007
Accept null 
hypothesis (Data 
Co-integrated)

ECM

Unexpected 
inflation 14.93 15.49 0.06

Reject null 
hypothesis (Data 
not Co-integrated)

OLS

Where the variables in the tables listed were found to be cointegrated, the Error Correction Model (ECM) 
was adopted and where the variables were not cointegrated, first differencing was applied to the variables, 
upon which the Ordinary Least Squares (OLS) method at first difference was used for the inflation hedging 
analysis. Both ECM and OLS provided beta coefficients. These β coefficients of the relationship between the 
REIT returns (dependent variables) and each of the inflation components (independent variables) enabled the 
determination of inflation hedging potential. The decision rule for β is as follows: An asset is a complete hedge 
against inflation if the value of β is above 1. An asset is a partial hedge against inflation if the value of β is 
between 0 and 1. An asset has zero hedge against inflation if the value of β is not significantly different from 
zero. An asset has a perverse hedge against inflation if the value of β is negative.

The results in this regard are presented in Tables 10 to 11
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Table 10: Inflation Hedging Ability of M-REIT

Inflation 
component Method Constant  Error correction term Beta coefficient R 2 Type of hedge

Actual inflation ECM                   -0.679 0.0041 0.175 Partial Hedge

Expected 
inflation OLS 0.166 0.924 0.086 Partial Hedge

Unexpected 
inflation ECM -0.679 0.0040 0.175 Partial Hedge

Table 11: Inflation Hedging Ability of N-REIT

Inflation 
component Method Constant  Error correction term Beta coefficient R 2 Type of hedge

Actual inflation ECM                   -1.50 0.68 0.97 Partial Hedge

Expected 
inflation OLS -1.22 0.24 0.19 Partial Hedge

Unexpected 
inflation ECM -1.08          0.12 0.05 Partial Hedge

Table 12: Inflation Hedging Ability of UK-REIT

Inflation 
component Method Constant  Error correction term Beta coefficient R 2 Type of hedge

Actual inflation ECM                   -1.30 3.73 0.50 Complete Hedge

Expected 
inflation OLS -1.02                 -15.03 0.78 Perverse Hedge

Unexpected 
inflation ECM -1.48 4.0 0.67 Complete Hedge

Table 13: Inflation Hedging Ability of US-REIT

Inflation 
component Method Constant  Error correction term Beta coefficient R 2 Type of hedge

Actual inflation ECM                   -0.91 3.73 0.50 Perverse Hedge

Expected 
inflation OLS -1.34 -15.03 0.78 Complete Hedge

Unexpected 
inflation ECM 1.63 4.0 0.67 Perverse Hedge

From table 10, M-REITs were a partial hedge against actual inflation, expected inflation and unexpected inflation 
with beta coefficients of 0.0041, 0.924 and 0.0040 respectively. 

N-REIT returns (as presented in table 11), showed a partial hedge against actual inflation, expected inflation and 
unexpected inflation with beta coefficients of 0.68, 0.24 and 0.12 respectively. 

Table 12 presents results on UK-REITs, which showed that UK-REIT returns are a complete hedge against actual 
and unexpected inflation with beta coefficients of 3.73 and 4.0 respectively, but a perverse hedge against expected 
inflation (with a beta coefficient of -15.03). 

Table 13 showed that US-REIT returns were a perverse hedge against actual inflation and unexpected inflation over 
the study period with beta coefficients of -0.35 and -0.39 respectively while the returns were a complete hedge 
against expected inflation with a beta coefficient of 1.099.
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6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

This research work has provided inflation hedging investment information for REIT investors interested in including 
African REITs (in this case, Nigerian REITs) in a portfolio comprising REITs from the US, UK and Malaysia. This will 
help stakeholders like REITs investors, researchers, pension fund administrators and the government of the four 
countries in making informed decisions with respect to international REIT investment.

The results are summarized in Table 14

Table 14 Summary of Inflation Hedging Ability in the Four Countries

UK-REIT US-REIT M-REIT N-REIT

Actual Inflation Complete hedge Perverse hedge Partial hedge Partial hedge

Expected Inflation Perverse hedge Complete hedge Partial hedge Partial hedge

Unexpected Inflation Complete hedge Perverse hedge Partial hedge Partial hedge

REITs in the developing countries (N-REITs and M-REITs) showed a partial hedge against all inflation 
components while REITs in the developed countries (UK-REITs and US-REITs) were a complete hedge in some 
aspects of inflation but a perverse hedge in others. Accordingly, we reject the hypothesis that REIT returns 
in developing countries do not hedge against actual, expected and unexpected inflation. REITs in one of the 
developed countries (the UK) showed a complete hedge against actual and unexpected inflation. Conversely, 
REITs in the other developed country (the US) showed a complete hedge against expected inflation but a 
perverse hedge against actual and unexpected inflation. The results between the UK and US are contradictory 
and do not allow any discernable pattern to be adopted for developing countries.  In the face of inconclusive 
results we cannot decisively accept the hypothesis that REIT returns in developed countries hedge against 
actual, expected and unexpected inflation

The developing country results lend some credence to the suggestions of Amonhaemanon, Annaert & Ceuster 
(2014) that Inflation hedging ability is related to whether the target economy is developed or emerging. 
However, we must reject the suggestion in Briere & Signori (2011) that developing countries are more likely 
to experience inflation risk as well as the proposition in Lee, Lee, Lai & Lang, (2011) that developing countries 
are more likely to provide a perverse hedge against inflation relative to developed countries. These are 
encouraging results from the viewpoint of encouraging investment in the developing countries of Africa. From 
the evidence we would suggest that international REIT portfolios who wish to hedge against inflation risk 
by investing in other countries that are inflation proof might consider investing in developing countries like 
Malaysia and Nigeria. With regard to developed countries, the investor would have to treat the analysis on a 
country by country basis.
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